Abstract
INTRODUCTION
Theories based on Supersymmetry (SUSY) are widely considered as the theoretically most appealing extension of the Standard Model (SM). The Minimal Supersymmetric Standard Model (MSSM) predicts the existence of scalar partnersf L ,f R to each SM chiral fermion, and spin-1/2 partners to the gauge bosons and to the scalar Higgs bosons, where two Higgs doublets are present in the MSSM. So far, the direct search of SUSY particles at present colliders has not been successful. One can only set lower bounds of O (100 GeV) on their masses, see Ref. (1) . An alternative way to probe SUSY is to search for the virtual effects of the additional particles. The experimental precision has to be matched with high precision theoretical predictions for the various precision observables. The most prominent role in this respect is played by the ρ-parameter, see Ref. (2):
The radiative corrections to the vector boson self-energies at zero momentum transfer, Σ Z,W (0), constitute the leading, process independent corrections to many electroweak precision observables, such as the W boson mass, M W , where
with c 2 (4, 5) .
Feynman-diagrammatic two-loop calculations involve a large number of diagrams. In the MSSM the additional problem of a proliferation of scales is apparent. Therefore, in order to perform the calculation as presented in Ref. (4, 5) , the use of computer algebra programs is inevitable. In particular, we made use of the amplitude generator FeynArts, see Ref. (6) , where the MSSM model file has recently been completed. The reduction of the amplitudes to scalar integrals have been performed with the program TwoCalc, see Ref. (7) .
TECHNIQUES FOR TWO-LOOP CALCULATIONS
In order to calculate the O (G 2 F m 4 t ) corrections to the ρ-parameter, the diagrams in Fig. 1 have to be evaluated.
The diagrams and the corresponding amplitudes have been generated with the help of the Mathematica program FeynArts and the recently accomplished MSSM model file. This model file contains all relevant information about the MSSM particles and vertices. (Only MSSM counter term vertices are missing at present.) FeynArts has been checked in several ways to insure its reliability. Apart from many self-energy calculations, whole processes like e + e − → tt, e + e − → H + H − ,→ tt and e + e − →χ 0,+χ0,− have been calculated by hand and with FeynArts. Perfect agreement has been found for all processes, see Refs. (6, 8) .
How easy the evaluation of the amplitudes has become with FeynArts is demonstrated in the following sequence from a Mathematica session where the Z boson self-energy amplitude, corresponding to The analytically obtained result now consists of scalar integrals at the one-and at the two-loop level. In the case presented here, since the external momentum is set to zero, these are the functions A 0 and T 134 at the oneand two-loop level, respectively, see Refs. (9, 10).
The pure two-loop diagrams have to be supplemented with the corresponding one-loop diagrams with counter 
with Λ = 3 − 13 a + 11 a 2 . As a consistency check, in the limit of M A → ∞, a → 0, we obtain
This is the SM result with M H → 0. It shows that the MSSM decouples to the SM limit (also at the two-loop level) when the new scales, here M A , is made large.
In the limit of large tan β (i.e. (1 − s 2 β ) ≪ 1) one obtains
Thus for large tan β the SM limit with M H → 0 is reached. 
CONCLUSIONS
We presented the calculation of the SUSY contribu-
t ) to the ρ-parameter. In order to obtain these two-loop corrections, the computer algebra programs FeynArts and TwoCalc have been used. Examples 
